COPY NO, _gat-.

_RM No, E7TB11

'21:1; o —— ey e . —
By .

o
——

RESEARCH MEMORANDUM

INVESTIGATION OF PRESSURE LOSSES IN SEVERAL
TURBOSUPERCHARGER NOZZLE BOXES
By Albert M. Lord and Joseph Donnola

Aircraft Engine Research Laboratory
Cleveland, Ohio

. | | | N & G
NATIONAL ADVISORY COMMIESEE,,
FOR AERONAUTICS  simiciadhy
WASHINGTON % Bi TQQ&
February 11, 1_94‘7




Elll!ﬂﬂﬂﬂ@“lﬂﬂlﬂ IWNHNHME

NACA EM No. E7Bll
NATIGNAT, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MBMIRANDUM

INVESTIGATION OF FRESSURE LOSSES IN SEVERAL
TURBOSUPERCHARGER NOZZLE BOXES

By Albert M. Lord and Joseph Donnola

SUMMARY

Surveys were made of tlhe impact pressure of the flow to obtain
information for determining pressure losses in the followlng turbo-
supercharger nozzle boxes:

A, scroll nozzle box with bent sheet-metal vanes

B, scroll nozzle box with airfoll-shape vanos

C, scroll nozzle box with alrfoil-shape vanes and a dam
D, symmetrical nozzle box with airfoll-shape vanes

The surveys covered the entire nozzle annuliums and were made ab
gseveral inlet pressures ranging from 10 to 40 inches of mercury sgbove
atmcspheric. The date indicated substantial differences in total
head loss among the boxes and the existence of sharply defined high-
loss reglons in portions of the nozzie annulueg. Scroll nozzle box A
with bent sheet-metel vanes had the highest over-all total-head
losses; symmetrical nozzle box D with alrfoil-shape vanes, at an
inlet total pressure of 30 inches of mercury gage, had losses 6 per-
cent lower than nozzle box A and at the same Inlet pressure scroll
nozzle boxes B and C having alrfoil-ghape vanee, and with or wlthout
& dam, respectively, had losses 30 percent lower than nozzle box A.

INTRODUCTION

Improvements in the efflciency of the turbine of conventional
turbosuperchargsrs have not recelived much attention because the
powsr avallable in the exhaust gas of an aircraft engine is more than
that required for supercharging. Instead, emphasis has been
Justifiably placed on light weight and ease of manufecture. The
current interest in composlite-engine operation in whilch the energy
in the exhaust gas of the reciprocating engine is more completely
utilized by gearing these turbines to the crankshaft of the engine,
haa emphasized the importence of high turbine efficiency.

As part of en Inveatigation to improve the efficiency of the
turbine of the bturbogupercharger, research is being conducted at the
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ITACA Cleveland laboratory to determine the loasses in conventlonal
turbosupercharger unitg. In order to determine the pressure iosges
in geveral nozzle boxes, total-prassure surveys of the flow from the
nozzle annulusg of four turbusupercharger turbine-nozzle boxcs wore
made at atmospheric dlscharge prsessure for a range of total inlet
progsures from 10 to 40 inches of mercury above atmospheric and the
results obtained ars reported.

APPARATUS AND METHOD

Pertinent dimensions and other characteristics of the nozzle
boxeg investigated are llsted in the following table:

Desig-lShape Tyne |Humber |[Wozzle Hbzzle-}Cone TPitch Waste
nation]| of of area |dig~- anglejdie~ | gate
’ vane jvanes !(sq charge |(deg) meter,
, ! in.) jangle (in.) i
| | (deg)
A |Scroll| Bent ' 38 -} 10,81 22 |+ O 11,0|Blanked
sheet : !
! metal
B Scroll} Cast l 46 10.3 120 - 22 i5 11.0 Blanked
air~ ' .
foil _
c Scrolll Cast 46 10.3 20 - 22 15 11.0 jBlanked
with alr-
dam foll
D Symme-| Cast 44 ' i7.8 24 15 | 13.2 |None
tricalialr- {
foll l '

Outlines of the scroll and symmetrlcal nozzle boxes ara shown
in figure 1. The positlon of a shest-metal dam installed in scroll
nozzle box C to prevent the entering stream from separating into each
of the passages Is also ghown. Dimensioned details of the nozzles,
nozzle angles, and cone angles are gilven in flgure Z. The stresm
leaving the nozzles rotatos in a counterclockwlse direction locking

unstream, Shroud rings, conglsting of hoops made of %- by l-inch

strips, were fastened to the outer dlaphragm rings to prevent the
gtream leaving the nozzles from mushrooming in the region of the
survey. No effor’ was made to improve the manufacturer's surface
finish on the nozzle vanes,
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The setup of the equipment is shown in figure 3. The nozzle-
box inlet was counected to the laboratory alr system, which supplied
alr at room temperature. An antometic pressure reguletor was
installed in the inlet plpe to maintain the desired total preasurs
at the nozzle-box entrance. The locations of the impact tube for
measuring the rozzle-box inltet total pressure and the thermocouple
for measuring the inlet total temperature are shown in figure 3.

The survey apnharatus for measuring the totel prsssure at the
nozzle exits consisted of a total-head tube, synchronous motor drive,
end a clock-driven conbimuous pressure recorder. Several types of
tctal-head tube were trled before one was found that was suffi-
clently small to cause only a small dlisturbance 1In the nozzle jet
end still rigid enough to remain undeflected by the air stream.

Toe tube that was found to be satisfactory and was ussd in thils
investlgation is shown 1n figure 4.

The survey tube was mounted on a rotating arm with the faired
end pointed upstrsam parallel to the nozzle Jjet. The distance
from the nozzle face to the tube inlet was set at 0.1 inch, whaich
is epproximately the location of the leading edge of thie buckets
in an operating turbine. The radiuvs of the survey sarm could be
changsd t> cover ithe entire annulus., The tube and arm are shown
in figure. 5. The rotating arm was mounted on the turblne shaft
where the wheel ls ordinarlily fastsned. A synchronous motor drdéve
the shaft through reduction gesrs at asproximately 1/15 rpm. At
this speed, the prcssure fluctuatlons that the tube experiences as
it travels across eaci of the nozzle vanses could be accurately
recorded. ’ :

The preseure recorder was a commorcial instrument, which
consisted of a moving chart and & pen swung about a pivot by a
Bourdon tube to give nearly linear displacement with pressure. The

accuracy of the recorder was il%-percent of full scale.

Determinations were made with nozzle-box-inlet pressures of
10, 20, 30, and 40 inches of mercury above atmospheric and with
atmosbheric discharge pressure. Cilrcuxferential pressure surveys
were mads at radii that differed by Increments of 0.125 inch. The
firat and last swurveys were mads C,020 inch from the luner and outer
elges of the nozzle ammulus, respectively.
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RESULTS AND DISCUSSION

A recording of the dlischarge total pressure made along the pltch-
line circumference of nozzle box A at & distance of O.1-inch from the
armulus face and with & nozzle-box Inlet total pressure of 30 Inches
of mercury gage is shown in figure 6. The vertical zcale is In pounds
ner square inch gagze and the .circular- arcs show the path of the pon
ebout its pivot. The pressure cycles are numbered according to the
nunbers asgsigned to the corresponding nozzles in subsequent figures
ani discussion. The nosition of each of the nozzle vanes la obvlous
from the dips in the curve. The dashed line representing the 1nlet
total gage pressurv is & measure of the avallsble head. The vertical
distance from the survey curve to the inlet total-pressure line is
egual to the instentaneous loss in total kead from the nozzle-box
inlet to the plane corresponding to the bucket inlet.

The mean total-head loss of each nozzle at ths pitch diameter
was determined by divicding the arsa under that portion of the discharge
total-pregsure curve corresponding to the pitch of the nozzle by ths
projected length of the curve and subtracting from the avallable head.
Mean total-head lcse of cach of the nozzlea. at the piteh line for each
nozzlo box and for several Inlet proussures 1s shown In figure 7. A
skebch of cach nozzle box is remroduced to show the relation of tho
nozzle numbers to the pogitlion In the box. The direction of discharge
from the nozzle box is, 1n each casc, counterclockwise.

Examination of figure 7 shows that scroll nozzle boxes A and B
and symmetrical box D each have a well-defined portion of the annulus
in which head losses are high and suggests that the air streams in
the two passagere Join and form eddles in this region. The region of
high losses in scroll nozzle box A 1s in the left branch where the
angle of attack of the flow on th= veanes is high. The highest lossss
in soroll nozzle box B with airfoil-shape vanes occur at nozzles 30
and 31 and those in sgymmnetrical nozzle box D arc centered arproxlimately
at nozzle 21 in the right branch. The mean total-head loassss of the
scroll nozzle boxes increase progresslvely along the length of the
scroll passage with attendent decrease in passage area up to the
region of high loss, The use of alrfoil-shaepe (nozzle box B) instead
of bent sheet-matal vanes (nozzle box A) reduces this effect and the
installation of tho dam (nozzle box C)} almost eliminates it. When
the inlet total pressure was increased, the locatlons of the reglona
of high losses dil not change. WNo correction was made for ths reduc~
tion in the recovory factor of the survey tube at the supercritical
nregsure ratios.
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The mean total-head loss over the entire clrcumference at each
gurveyed radius of the nozzleé annulus was obtained by dividing the
area under the cntlre discharge total-pressure curve (similer to
fig. 8) by the projected length of the trace and subtracting from
the avallable head. There loss curves are shown in figure 8 for
several inlset pressures. The curvea indicate amubgtantlel losses at
inner ani outer amnulus walls. Scroll nozzle box A with bent sheet-
metal vanes has & rinlmum head loss at & radilal position avproxi-
mately three-fourths of the dlstance from the inner to the outer
ring. The seme nozzle box with airfoil-shape vanes (nozzle box B}
1as consilderably flatter logs curves, which are also lower iIn magni-
tude. The Installatlion of the dam In the box with eirfoil-shape
vanes (nozzle box C, fig. 8(c)), huwever, proiuces mean total-head-
loss curves slmilar to thoge of the nozzle box wlth bent sheet-metal
vanes (nozzle box A) but the magnitude of the lcsses is similar to
those of nozzle box B. The mean total-head-loss curves obtained
with symmetrical nozzle box D show waves and indicate rrinimn:: head
losses near the imner diaphragm. When the nozzle-box inlet Hotal
pressure is lncreased, the losses increase but do not change the
profiles of the mean total-head~loss curves.

The over=-all nean total-head loss of & nozzle box was obtalned
by dividing the area under the mean total-~head~-loss curves of
figure 8 by the emmulus height and is plotted 1n figure 9 sgalnat
nozzle-box inlet btotal presgure for the four nczzle boxes. The
over-all mean tobal-head losses vary approximately linearly with
inlet pressure. Scroll nozzle box A with bent sheet-metal vanes has
the highest losses; symetrical nozzle box D with airfoil-shape vanes
at -an inlet total pressure of 30 inchea of mercury gage has losses
6 percent lower than nozzle box A; and at the same inlet pressure,
scroll nozzle boxes B and C having alrfoil-shape vanes end with or
witkout the dam, respectively, have loases approximately 30 percent
lowor than nozzle box A. Although the effect of the dam on the
cver~-all total-head loss of the nozzle box lis slight, the more
uniform circumfersntisl total-head profile may be expected to result
in a higher turbine cefficiency because the jet from such a nozzle
box can be more efficlently utilized by a turbine wheel.

SUMMARY OF RESULTS

The resulitg of discharge total-pressure surveys of four nozzle
boxes with various inlet total pressures show that:

1. Scroll nozzle box A wlth bent sheet-motal vanss, B wilth
airfoil-shape vancs, and symmetrical nozzle box D with airfoil-shape
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vanes had a well-defined portion of the annulus in which the mean
total-head loss of each nozzle was high.

2. Scroll nozzle box C with airfoil-ghape vanes end a dam
produced an almost uvnlform clrcoumferentlal mean total-hsad loss
distribution.

3. Scroll nozzls box A with bent sheet-metal vanes had the
highest over-all total-head losses; symmetrical nozzle box D with
airfoll vanes at an inlet-total pressure of 30 inches of mercury gage
had losses 6 percent lower than nozzle box A and at the same inlet
nressure the scroll nozzle boxes B and C, having alrfoil-shape vanes
and with or without the dam, respectively, haed losses apnroximately
30 mercent lower than nozzle box A.

Aircraft Engline Research Laboratory,
National Advisory Comnittee for Aeronautics,
Cleveland, Onio.
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